Summary.
Cerebrospinal elements of the paraventricular organ were the first to be designated as CSF-contacting nerve cells (VIGH et al., 1969; .
The paraventricular organ is one of the circumventricular organs of the brain, and for a long time it was known as a secretory ependyma like that of the subcommissural organ (cf. , LEONHARDT, 1980 . Later, however, the secretory material observed light microscopically on the ventricular surface of the paraventricular organ was found, ultrastructurally, to consist of tightly packed nerve terminals (VIGH , 1966; TAKEICHI, 1967; ROHLICH and VIGH, 1967) . At the same time, it was demonstrated that these terminals in the CSF were formed by dendrites of a nucleus that belonged to the paraventricular organ (VIGH, 1966; ROHLICH and VIGH, 1967; VIGH and MAjoROSSY,1968) . This group of neurons was called "nucleus organi paraventricularis" (VIGH and TEICHMANN, 1966; VIGH et al., 1967) . Since the structure of these CSF-contacting nerve cells corresponded to that of known receptor cells, a sensory function was attributed to them. These findings aroused our interest in the nerve fibers earlier described light microscopically in various areas of the brain ventricles and in the central canal of the spinal cord.
Already at the beginning of this century, nerve processes were observed in the third ventricle and central canal (EDINGER,1906; KOLMER, 1921, a.o.) . These processes belonged to subependymal neurons considered by the earlier authors to be receptor cells (for literature, see VIGH and VIGH-TEICHMANN 1973; VIGH-TEICHMANN and VIGH, 1974b) .
Independently of the data mentioned above, another research line developed rapidly, namely, that concerned with the ventricular processes of the neurosecretory nuclei. It was first observed in the frog that neurons of the preoptic nucleus send processes to the third ventricle (ScHARRER, 1933) . These processes were supposed by most investigators to discharge their neurosecretory material via a macroapocrine secretion ("hydrencephalocriny") into the ventricular cavity.
Other authors also attributed a receptor role to the neurosecretory cells (for literature see, DIEPEN, 1962; LEONHARDT, 1980) . In our investigations, no principal difference was found between the intraventricular dendritic terminals of neurosecretory cells and those of other CSFcontacting neurons; therefore, both are considered as components of an extended system, the so-called CSF-contacting neuronal system (cf. VIGH and VIGH-TEICHMANN, 1973) .
The two areas of research mentioned above were joined by the investigation of photoreceptor cells in the pineal organ and retina. Retinal and pineal photosensory cells are analogous to the CSF-contacting nerve cells in so far as they send ciliated dendritic processes into the lumen of the pineal organ and the space below the retinal pigment epithelium (Fig. 1) , a space derived from the embryonic optic ventricle, a diverticle of the third brain ventricle (VIGH-TEICHMANN and VIGH, 1977b) . On the other hand, some bipolar neurons of the retina that formed the so-called Landolt's clubs appear to be more closely related to the CSF-contacting neurons than the photoreceptor cells. Landolt's clubs are thickenings of dendrites that form free ciliated terminals among the inner segments of the retina. Landolt detected these processes already in 1871 in the frog, salamander and newt by means of silver impregnation technique. Later, Landolt's clubs were also demonstrated in many other species including mammals and man (cf. HENDRICKSON, 1966) . The striking similarity of these structures to CSF-contacting dendritic terminals categorizes them among the components of the CSF-contacting neuronal system.
In the following chapters we will deal with CSF-contacting neurons of various brain regions: certain circumventricular organs-the paraventricular organ and the vascular sac-, the subcommissural organ and the spinal CSF-contacting nerve cells, as well as the magnocellular neurosecretory and the parvocellular hypothalamic nuclei. Finally, we shall report on intraventricular neurons and axons, and compare the CSFcontacting nerve cells to central neurons of lower deuterostomians as well as to neuronal elements of the pineal complex and retina. The literature on these various structures and on the CSF-contacting neuronal elements of the lateral and fourth ventricles, which comprise a substantial component of the CSF-contacting neuronal system, has grown considerably, making it impossible to cite in a limited space all papers of interest.
Therefore, with regard to earlier references the reader is referred to DIEPEN (1962), VIGH and VIGH-TEICHMANN (1973) , VIGH-TEICHMANN and VIGH, 1974b) , and to the comprehensive work of LEONHARDT (1980).
CSF-CONTACTING NEURONS IN THE CIRCUMVENTRICULAR ORGANS
Pen-or circumventricular organs are specialized areas located around the ventricular system of the brain (Fig. 1 ). Numerous studies have been performed on the paraventricular organ, the subcommissural organ and the vascular sac.
a) The paraventricular organ is a rather complex CSF-contacting neuronal area of the hypothalamus of submammalian vertebrates. Its ependyma forms a sulcus bilaterally in the walls of the third ventricle (Fig. 2a) . The organ is composed of an ependymal layer and of a CSF-contacting group of neurons, the "nucleus organi paraventricularis" (VIGH and TEICHMANN, 1966; VIGH et al., 1967) consisting of an intraependymal/subependymal layer of neurons and a distal group of neurons located farther away from the ependyma (Fig. 2) . The subependymal nerve cells are bipolar and display induced monoamine fluorescence (Fig. 2b, c) . Two kinds of fluorescent neurons can be distinguished: green fluorescent cells containing a primary catecholamine (presumably dopamine) and yellow fluorescent cells related to 5-hydroxytryptamine (cf. VIGH and VIGH-TEICHMANN, 1973; TERLOU and KOOTEN, 1974; FREMBERG et al., 1977; EKENGREN and VAN VEEN, 1982) . Recently, serotonin was also demonstrated immunohistochemically (SANG et al., 1983) . Previously, immunocytochemical studies revealed the presence of met-enkephalin-and beta-endorphin-immunoreactive cells in the paraventricular organ of the carp, the frog and the pigeon (FOLLENIus and DUBOIS, 1979; DOERR-SCHOTT et al., 1981; WEINDL and SOFRONIEW, 1982) . The question whether these substances are elaborated in the monoamine-containing CSF-contacting neurons or in separate neuronal elements, e.g. distal nerve cells requires further attention. The distal group of neurons contains a multipolar cell type exhibiting acetylcholinesterase (AChE) activity (VIGH-TEICHMANN et al., 1970a) .
Both groups of neurons send dendritic terminals into the ventricle (Fig. 2, 3) . Those of the subependymal cells are relatively large and display elongated neck portions, especially in the sparrow and the turtle (RoHLIcx and VIGH, 1967; VIGH-TEICHMANN and VIGH,1977a) . Often, they lie intimately apposed (Fig. 3) . Each dendritic terminal bears a single 9 x 2+0 cilium extending into the CSF below the densely packed terminals (Fig. 3) .
Numerous nerve fibers and even some free cells can be found clinging to the intraventricular dendritic endings (Fig. 17) as revealed by transmission and scanning electron microscopy.
These nerve fibers form intraventricular axo-dendritic synapses (VIGH-TEICHMANN and VIGH, 1977a; VIGH-TEICHMANN et al., 1979a, b) .
In the subependymal perikarya and the corresponding intraventricular dendritic terminals, granular vesicles measuring 85-90 nm and up to 110 nm in diameter, can be Dendritic terminals (T) containing mitochondria and various types of granular vesicles above the paraventricular organ of Emys orbicitiiaris. B basal bodies, D CSF-contacting dendrites, E ependyma. Asterisks: neuronal cilia. x 10,000, Photomontage found (Fig. 3) . The distal CSF-contacting perikarya are larger than the subependymal ones and contain granular vesicles with a diameter of 130-140 nm. Numerous axosomatic, axo-dendritic and axo-axonic synapses of various types occur in the neuropil. In the synaptic zone between the two groups of neurons, the axons or axon collaterals of the subependymal nerve cells presumably join with the dendrites of the distal cells, as concluded from silver impregnated preparations (VIGH and MAJoRossY,1968; PARENT and POITRAS, 1974; VIGH-TEICHMANN and VIGH, 1977a) . Further, induced monoamine fluorescence showed that these axons appear to terminate around the distal perikarya of the organ. On the basis of silver impregnations and electron micrographs of synaptic formations, the existence of axons derived from outside the paraventricular organ can be assumed.
In fish, amphibians and birds, a fiber tract seems to originate from the paraventricular organ. This tract can be demonstrated by use of both the ACNE reaction and induced monoamine fluorescence, and possibly contains axons of both distal AChEpositive and intra-/subependymal monoamine-containing neurons VIGH-TEICHMANN and VIGH, 1974b) . In the chicken, the AChE-positive fiber bundle runs toward the thalamus.
Monoamine-fluorescent fibers of the organ were found to terminate in the median eminence (PARENT and POITRAS, 1974) and to innervate the pars intermedia of the pituitary (cf. PRASADO RAO,1982) . Furthermore, axons belonging to perikarya of the organ were traced to isodendritic neurons located laterally in the hypothalamus and resembling elements of the reticular formation (VIGH-TEICHMANN and VIGH,1977a) . It is the task of degeneration and tracer studies to clarify the afferents and eff erents of the paraventricular organ more precisely. As we have seen, the paraventricular organ represents a complex unit of-at least -three different types of neurons , of synaptic zones, afferent and efferent fiber connections.
Since the ciliated CSF-contacting dendritic terminals resemble known receptors it may be assumed that they take up some kind of information from the CSF (VIGH and VIGH-TEICHMANN, 1973) . Underlining the receptor hypothesis somatodendritic synapses were described in nerve cells of the paraventricular organ in Xenopus laevis, Rana esculenta and R. nigromaculata (PEUTE,1971; NAKAI et al., 1977; a.o.) .
In the chicken, a hydrocephalus was produced be injecting kaolin into the cerebellomedullar cistern.
Although the ventricular system was strongly dilated, the neurons of the paraventricular organ did not display any difference in the volume of their cell nuclei as compared to the control, for one and two weeks after the treatment. This result seems to contradict a pressure-receptor function for the CSF in chronic hydrocephalus . By injection of 0.1 M HCl into the third ventricle, the pH of the CSF was altered. This change did not influence the monoamine fluorescence of the subependymal CSF-contacting neurons. Further, various ions (KCI, NaCI, CaC12i NaHCO3) were injected into the lateral ventricle of chickens and sparrows.
Administration of CaC12i NaCI and NaHCO3 resulted in an increase in induced monoamine fluorescence in the organ. These findings suggest that the alteration of the ion composition of the CSF may influence the activity of the CSF-contacting neurons. It can, however, not be determined whether we are dealing with a sensitivity or special chemosensory function. This question requires further experimental studies combined with electrophysiology.
b) The vascular sac of fish differentiates from the dorsal wall of the infundibulum and protrudes caudal.
It consists of epithelial pouches surrounded by vessels; among them are many sinusoid veins. Both coronet cells (Fig. 4a ) and ependymal cells are Details of the vascular sac of the ray, Raja clavata. a. Luminal portion of a coronet cell with basal bodies (B) and cilia (0); the distal dilated part of the cilia contains tubular structures.
x 28,000. b. Part of a CSF-contacting neuron. B basal body with cilium and rootlet fiber, G granular vesicles of 150 nm in diameter, L lumen of the vascular sac, N nucleus of neuron.
x 19,000 present in the epithelium of the organ (for literature, see VIGH-TEICHMANN and VIGH,1974a; LEONHARDT, 1980) . In light microscopic investigations ACNE-positive CSF-contacting neurons were demonstrated as scattered among the coronet and ependymal cells (VIGH-TEIcHMANN et al., 1970a) . The ultrastructure of such nerve cells was studied first by ZIMMERMANN and ALTNER (1970) in Perca f luviatilis and Salmo gairdneri and by VIGH et al., (1972) in Cyprinus carpio and Anguilla anguilla.
The CSF-contacting neurons are bipolar and their intraventricular dendritic terminals are supplied with 9 x 2+ 0 cilia (Fig. 5b) . In teleost species, their dendritic terminals and corresponding somata contain relatively few granular vesicles (diameter 80-90 nm). In the elasmobranch Raja clavata, the granular vesicles are numerous, and measure 150 nm in diameter (Fig. 4b) . There are axo-somatic synapses on the CSFcontacting neurons as well as on coronet cells (VIGH et al., 1972; VIGH and VIGH-TEICHMANN, 1977) . The presynaptic cytoplasm is filled with synaptic vesicles, some mitochondria, and a few granular vesicles, 80 or 130 nm in diameter.
Synapses were also described on ependymal cells (cf. LEONHARDT, 1980) .
In the synaptic zone below the epithelium, rare neurons and two main types of nerve fibers can be found. The latter may contain granular vesicles (80-90 nm, or 140 nm in diameter).
Synapses of the neuropil are of the axo-dendritic and axo-axonic types. In more rostral sections of the vascular sac, the nerve fibers form small round bundles, which correspond to branches of the nervus sacci vasculosi. Therein, axoaxonic synapses were observed: presynaptically they contain synaptic vesicles, 40-50 nm in diameter, while postsynaptically the empty vesicles measure 60-70 nm in diameter. After entering the hypothalamus the nervus sacci vasculosi continues its course as the somewhat thinner tractus sacci vasculosi, although the number of its fibers is about the same as in the nerve, namely about 13,000 in the eel (VIGH et al., 1972) .
As revealed by the AChE reaction, the basal processes of the CSF-contacting neurons contribute to the fibers of the nervus sacci vasculosi. The latter can be traced by means of its ACNE activity to the nucleus (ganglion) sacci vasculosi and to the level of the ventral thalamus (VIGH et al., 1972; VIGH and VIGH-TEICHMANN, 1977) . The question remains unanswered whether the coronet cells give rise to axons or whether the nervus sacci vasculosi is only composed of fibers of the CSF-contacting nerve cells and descending fibers connecting, among others, the coronet cells with the diencephalon.
Earlier authors considered the coronet cells of the vascular sac in fish as sensory cells informing the brain about the deepness of the water; further, they were discussed as elements performing an apical secretion (for literature, see LEONHARDT, 1980) . Recently, the coronet cells were suggested to be involved in transcellular ion transport for the CSF (cf. JANSEN et al., 1982) . The presence of bipolar CSF-contacting neurons speaks in favour of a certain, but unknown receptor function of the vascular sac. Furthermore, we found in the ray that basal processes filled with large granular vesicles, contact directly the basal lamina of the nervous tissue . At these sites, a basal neurosecretory release into the perivascular space appears theoretically possible.
2.
THE SUBCOMMISSURAL ORGAN AND THE SPINAL CSF-CONTACTING
NEURONS
The subcommissural organ is composed of columnar ependymal cells (Fig. 1, 5 ) . Reissner's fiber, their secretory product, runs in the lumen of the cerebral aqueduct, 4th ventricle and central canal (Fig. 1, 6 LEONHARDT, 1980). According to KOLMER (1921) , the organ, Reissner's fiber, and some spinal receptor neurons form a sensory organ, the "sagittalorgan." This organ was thought to be able to detect motions of the vertebrate column by means of mechanical stimuli caused by the dislocated Reissner's fiber on the sensory processes in the central canal. EDINGER (1906) was the first author to describe sensory neurons in the wall of the central canal of the spinal cord in the lancelet, Branchiostoma lanceolatum. Electron microscopic investigations of similar cells were performed in the rabbit in 1969 (cf. LEONHARDT, 1980) and in a number of other species (VIGH et al., 1970a (VIGH et al., , b , 1971a (VIGH et al., , b, c, 1974 (VIGH et al., , 1977 (VIGH et al., , 1979 VIGH-TEICHMANN, 1971, 1973) . We consider these neurons to be the spinal component of the CSF-contacting neuronal system.
In earlier studies, AChE-positive and monoamine-fluorescent CSF-contacting neurons were demonstrated around the central canal (Fig. 7a, b ) (VIGH-TEICHMANN et al ., 1970a; VIGH et al., 1970b; VIGH and VIGH-TEICHMANN, 1971; see also BAUMGARTEN et al., 1970) . The two kinds of cells may represent different elements of the CSF-contacting neuronal system of the spinal cord.
In general, its CSF-contacting nerve cells are characterized by CSF-contacting dendritic terminals supplied with varying numbers of stereocilia and a solitary kinocilium (Fig. 6, 7) . The stereocilia are composed of filaments and extend radially or in a broom-like fashion into the CSF (Fig. 6 ). The kinocilia are often in contact with Reissner's fiber (Fig. 6 ). The structure of the CSF-contacting neurons does not differ significantly at various levels of the central canal, from the oblongate medulla to the terminal filum.
The spinal CSF-contacting nerve cells can be equally well demonstrated from cyclostomes to mammals and-as mentioned-are even present in the lancelet (see also chapter on "the protoneuron"). Their ultrastructure may vary slightly in different species (for literature, see NIGH and VIGH-TEICHMANN, 1973, 1982a b,; VIGH et al., 1977 VIGH et al., , 1979 . The number of synapses on the somata and dendrites of these cells in usually lower than in the hypothalamus.
Using the silver impregnation method, the axons of spinal CSF-contacting neurons of the turtle were shown to converge to a bilateral fiber bundle and to run to the surface of the spinal cord.
Here, the fibers of this "centro-superficial tract" terminate on the basal lamina of the nervous tissue (NIGH et al., 1977) . Ultrastructurally, these axon terminals were found in the lancelet, the lamprey and the ray, further in teleosts, amphibians, reptiles and birds (NIGH et al., 1977 (NIGH et al., , 1980a (NIGH et al., , 1983a VIGH-TEICHMANN and VIGH, 1979 (VIGH and VIGH-TEICHMANN, 1973; VIGH et al., 1976 VIGH et al., , 1977 (for literature, see VIGH-TEICHMANN and VIGH, 1974b) . However, the morphological correlate of these receptors has not yet been identified.
The CSF-contacting neurons demonstrated in the magnocellular neurosecretory nuclei may represent one or the other of these supposed receptor structures (VIGH and VIGH-TEICHMANN, 1973; VIGHTEIcHMANN et al., 1970b VIGHTEIcHMANN et al., , c, d, 1976a .
CSF-contacting neurons were found in the preoptic and paraventricular nuclei of the hypothalamus, while in the supraoptic nucleus, intraventricular dendritic terminals could not be demonstrated.
Furthermore, in fish, CSF-contacting nerve cells occur in the magnocellular nucleus lateralis tuberis and in the urophysis of the spinal cord.
a) The CSF-contacting magnocellular neurons of the preoptic nucleus of fish and amphibians can be distinguished light microscopically from other CSF-contacting nerve cells by their Gomori-positive reaction, e.g. their staining with basic dyes after previous oxidation (cf. VIGH and VIGH-TEICHMANN, 1973) , further, by their immunocytochemical reaction with neurophysins, vasotocin, isotocin/mesotocin or enkephalin (Cf. CUMMING et al., 1982 ; VAN DEN DUNGEN et al., 1982) . The total number of CSFcontacting dendritic terminals is considerable (Fig. 8) . Each terminal gives rise to a solitary 9 x 2+0 cilium as seen by scanning and transmission electron microscopy ( Fig.  8b, 9a ) (VIGH-TEICHMANN et al.,1970b , 1979a .
Perikarya of magnocellular neurons, their dendrites and intraventricular dendritic terminals contain granular vesicles with a mean diameter of 150-250 nm. Signs of exocytosis of the latter could not be convincingly demonstrated in the CSF-contacting Scanning electron microscopy of CSF-contacting dendritic terminals ( T) of the neurosecretory magnocellular preoptic nucleus in the newt, Triturus vulgaris. x4,100. Inset A terminal (T) at higher magnification. Asterisk: cilium of the terminal. x 24,000 dendrites of our material. The somata of the CSF-contacting neurons are usually multipolar.
The presynaptic cytoplasm of axo-somatic and axo-dendritic synapses found on them may contain granular vesicles, 90-110 nm in diameter, and less frequently 130-140 nm in diameter.
In the preoptic nucleus of teleosts, strongly AChE-positive Gomori-negative small neurons were found (VIGH-TEICHMANN et al., 1970a , 1976a . A second type of CSF-contacting dendritic terminal was also demonstrated ultrastructurally (VIGH-TEICHMANN et al., 1976a) . Presumably, some of these cells correspond to somatostatinimmunoreactive nerve cells observed in Carassius auratus (KAH et al., 1982) , Anguilla anguilla, Salmo gairdneri, Phoxinus phoxinus (VIGH-TEICHMANN, et al., 1983c) , Rana temporaria, R. catesbeiana, Triturus cristatus and Xenopus laevis (VANDESANDE and DIERICKX 1980; FASOLO and GAUDINO, 1981; BLAHSER et al., 1982; YUI,1983) . Previously, LHRH-positive CSF-contacting neurons were also observed in the preoptic nucleus of cyclostomes and Gasterosteus aculeatus (GRIM et al., 1979a, b; BORG et al., 1982) . b) Ventricular processes of the magnocellular paraventricular nucleus were first described by means of light microscopic routine stainings (cf. DIEPEN, 1962) and the ACNE reaction (VIGH-TEICHMANN et al., 1970a , 1976b . Ultrastructurally, the intraventricular ciliated dendritic endings of these CSF-contacting neurons are similar to those of the magnocellular preoptic nucleus of lower vertebrates.
They may contain granular vesicles either about 180 nm in diameter or smaller ones (diameter 100-110 nm, Fig. 9b ). It seems noteworthy that a number of perikarya gives rise to solitary cilia extending into the intercellular space (VIGH-TEIcHMANN et al., 1970c , 1976b .
The CSF-contacting dendritic terminals of the reptilian paraventricular nucleus receive aff erents from at least two types of intraventricular axons with respect to the size of their synaptic and granular vesicles (diameter 85 or 110 nm). Similar axodendritic and axo-somatic synapses were also found on the perikarya of the CSFcontacting neurons (Fig. 9d) . Further, presumed peptidergic synapses could be observed in the neuropil.
Their presynaptic cytoplasm contained synaptic vesicles of about 40 nm and granular vesicles of 125 nm or 150-200 nm (Fig. 9c) . In such synapses, large granular vesicles were also found postsynaptically indicating that peptidergic neurons receive peptidergic afferents, as already proposed by electrophysiological studies (for literature, see VIGH-TEIcHMANN et al., 1970 , 1976b .
Immunocytochemistry revealed in lizards (GoossENS et al., 1980; FASOLO and GAUDINO, 1982) and the turtle, Emys orbicularis, that a number of subependymal CSFcontacting neurons of the paraventricular nucleus display somatostatin immunoreactlvlty (Fig. 10a, b) . Processes of these cells run into the neuropil and apparently contribute to the above-mentioned pre-and postsynaptic peptidergic structures.
In addition, vasotocin-and mesotocin-immunoreactive cells are present in lacertilian and chelonian species (BoNS and PEREZI, 1981) . Immunoelectron microscopy will help to elucidate the organization of the paraventricular nucleus and its synaptic zones between the CSF-contacting and other neuronal elements. CSF-contacting dendritic terminals and synapses in the magnocellular neurosecretory nuclei. a. Three CSF-contacting dendritic terminals (T) in the magnocellular preoptic nucleus of the newt, Triturus cri status. B basal body, C cilium, E ependyma, G granular vesicles of various sizes, R rootlet fiber. x 20,000. Inset. Cross section of a 9 x 2+0 CSF-contacting neuronal cilium from the paraventricular nucleus. Emys orbicularis. x 43,000. b. Axo-somatic synapse (S) displaying granular vesicles (G) of identical small size pre-and postsynaptically in the paraventricular nucleus of the turtle, Emys orbicularis. x 13,000. c. and d. Axo-dendritic synapses (S) of various types from the paraventricular nucleus of the snake, Elaphe longissi ma. G granular vesicles. c : x 26,000, d : x 29,000
With respect to the paraventricular nucleus of birds, previous immunohistochemical and Golgi-impregnation studies revealed some neurophysin-containing and impregnated CSF-contacting neurons scattered in the periventricular gray of the pigeon and Pekin duck (WEINDL and SOFRONIEW, 1982; KORF et al., 1983) . Such periventricular cells were shown to project to magnocellular neurons involved in the control of renal excretion and are viewed as osmoreceptive elements .
In mammals, CSF-contacting neurons could not be demonstrated convincingly in the paraventricular nucleus. Instead, a number of ciliated perikarya was observed in the periventricular gray, and the main region of the paraventricular nucleus ; these elements presumably correspond to the CSF-contacting neurons of lower vertebrates.
The cilia of the cells belong to the 9 x 2+0 type, extend into the intercellular space and mainly resemble those of primitive chemoreceptors. Since in the area of the paraventricular nucleus the ependyma is connected by permeable zonulae adherentes, it seems likely that the composition of the intercellular fluid changes parallel to that of the CSF. Without entering the ventricle, the cilia of these perikarya may act as chemoreceptors (osmoreceptors?, sodium receptors?) for the CSF as well as for the intercellular fluid (VIGH-TEICHMANN et al., 1976b ; see also chapter 5).
c) The Gomori-negative magnocellular nucleus lateralis tub eris present only in fish , was also shown to send processes toward the ependyma.
These were thought to discharge their neurosecretory material into the CSF (for literature see, DIEPEN, 1962) . Initial electron microscopic studies dealt mainly with the neurosecretory phenomena taking place in the perikarya (cf. VIGH-TEICHMANN and VIGH, 1974b) .
In teleosts (Anguilla anguilla, Amiurus nebulosus, Carassius auratus, Cyprinus carpio, Ctenopharyngodon idella), the medial portion of the nucleus sends extremely large dendritic terminals into the ventricle (Fig. lla, b) (VIGH-TEICHMANN et al., 1970a, d) . Granular vesicles, about 190 nm in diameter, were scattered in their cytoplasm.
Signs of exocytotic release of the contents of the vesicles was not observed.
Small, strongly AChE-positive neurons were also present, which possessed intraventricular dendritic endings bearing 9 x 2+0 cilia and containing granular vesicles, 60-80 nm in diameter (VIGH-TEICHMANN et al., 1970a; VIGH-TEICHMANN and VIGH, 1974b) . Supraependymal axons were observed as forming multiple axo-dendritic synapses on the CSF-contacting dendritic terminals of both types of neurons. In the periventricular neuropil at least two further types of synapses were found with respect to the size of the presynaptic granular vesicles (diameter 80 or 110 nm).
Hypophysectomy causes retrograde degeneration in the medial portion of the nucleus lateralis tuberis (ZAMBRANO, 1970) . Furthermore, intravenous injection of peroxidase results in retrograde labeling of periventricularly located neuronal perikarya (FRYER and MALER, 1981) . Since this medial portion of the nucleus contains the intraventricular dendrite terminals, it may be supposed that axons of the corresponding CSF-contacting neurons project into the proximal neurohypophysis.
Thus, these nerve cells might be involved in the regulation of adenohypophyseal activity, according to stimuli perceived via the ciliated intraventricular dendritic terminals from the CSF. Immunocytochemical studies will contribute to the identification of the bioactive substances in the CSF-contacting neurons of the nucleus lateralis tuberis. d) In the urophysis, the neurophysis spinalis caudalis of fish, small intra-and subependymal AChE-positive neurons and large "Dahlgren" cells were found to form CSF-contacting dendritic terminals (VIGH-TEICHMANN et al., 1970a; VIGH and VIGH-TEICHMANN, 1973 (VIGH et al., 1974; VIGH-TEICHMANN and VIGH , 1979 In this chapter, the CSF-contacting neurons of the pari,ocellular preoptic nucleus , the anterior periventricular nucleus and the infundibular nucleus are discussed . a) In the parvocellular preoptic nucleus/area of amphibians and reptiles intraependymal, subependymal and distal CSF-contacting neurons were demonstrated by means of the AChE reaction and/or induced monoamine fluorescence (Fig . 12a, b ) (VIGH-TEICHMANN et al., 1969a , b, 1970a , 1971a , 1976b . The fluorescent cells contain a primary catecholamine, apparently dopamine (cf. NAKAI et al., 1977; PRASADo RAO, 1982) . Ontogenetically, the monoamine-containing CSF-contacting neurons appear relatively late in metamorphosis, e.g., in Bufo bufo tadpoles of a 27 mm length (Fig .  12b) , while the paraventricular organ and mesencephalic raphe cells display induced fluorescence already in larvae with a length of 14 mm (VIGH-TEICHMANN et al . 1969b ). These results were confirmed in Rana temporaria (BARTELS , 1971) . Monoaminefluorescent CSF-contacting neurons were also described in fish , other amphibian species and the turtle (PARENT and POITRAS, 1974; EKENGREN, 1975; KONSTANTINOVA and POLENOV, 1977; NAKAI et al., 1977; ARONSSON and ENEMAR, 1981; SHIMIZU et al., 1982; a.o.) . In addition, somatotropin-, prolactin-, substance P-and calcitonin-immunoreactive CSF-contacting neurons were observed in the preoptic area (HANSEN and HANSEN, 1982; Yui et al., 1981; Yui 1983 ).
The axons of the CSF-contacting neurons could he traced by means of silver impregnation (PARENT and POITRAS 1974; SHIMizu et al., 1982, a.o.) and by induced monoamine fluorescence into the periventricular neuropil.
In amphibians, these fibers run, intermingled with other fibers from caudal regions, into the ventral telencephalon and Two subependymal neurons (N) and their CSF-contacting dendritic terminals (T) in the preoptic recess of the lamprey, Petromyzon Jiuviatilis.
C cilium of terminal, h' ependymal cells.
x 4,500 via a fiber tract crossing below the preoptic recess into the infundibular lobe. Here, they contribute to a fluorescent plexus formed by fibers of the paraventricular organ and other sources (VIGH-TEICHMANN et al., 1969b) . lontophoretic injection of peroxidase into the toad neural lobe resulted in labeling of nerve cells located very close to the ependyma of the preoptic recess (PASQOIER et al., 1980) . The question whether the monoamine-containing and other CSF-contacting neurons of the preoptic area innervate the pars intermedia of the adenohypophysis similar to those of the paraventricular organ and/or terminate in the neurohypophysis (cf. PRASADO RAO, 1982) requires further investigation.
In our opinion, it is plausible that the preoptic parvocellular CSF-contacting neurons take part either directly and/or indirectly in the regulation of colour changes and other endocrine functions possibly influenced via information perceived by the intraventricular dendritic terminals. Ultrastructurally, we found two types of CSF-contacting neurons in amphibians and reptiles (VIGH-TEIcHMANN et al., 1969a , 1971a , 1976b . The intraependymal and subependymal cells formed relatively large intraventricular dendritic terminals ( Fig.  13 ) and contained granular vesicles, about 80-95 nm in diameter, while the distal neurons exhibited small dendritic endings and granular vesicles of about 130 nm. Our findings were confirmed for the frog by NAKAi et al. (1977) .
Scanning electron microscopy revealed numerous intraventricular dendritic terminals of various sizes located immediately above the ependyma.
Each dendritic ending gave rise to a short solitary 9 x 2+0 cilium, the ciliary shaft of which often displayed a spiral-like design (VIGH-TEICHMANN et al., 1979a, b) .
In the guinea pig, cat, hedgehog and opossum, only supraependymal cells and fibers were observed on the ependymal surface (see also Chapter 5). However, in all amphibian, reptilian and mammalian species studied to date, a number of perikarya of the parvocellular preoptic nucleus gave rise to solitary 9 x 2+0 cilia extending into the intercellular space (Fig. 14) (VIGH-TEICHMANN et al., 1976b , 1979a . With regard to their significance, we refer to the discussion of the paraventricular nucleus. Ciliated perikaryon (P) from the parvocellular preoptic nucleus of the lizard, Lacerta agilis.
Asterisk: cilium with basal bodies. x 22,000
In general, synapses found on the CSF-contacting neurons and ciliated perikarya of the parvocellular preoptic nucleus were characterized by synaptic vesicles and granular vesicles of various sizes, e.g. measuring about 80, 110. 130 and 170 nm in Emys orbicularis. These various types of axon terminals speak in favor of a rather complex synaptic organization of the neuropil, and of different synaptic transmitters regulating the activity of the CSF-contacting neurons. Immunoelectron microscopic investigations in progress are aimed at clarifying these complex relations.
b) In the anterior periventricular nucleus of fish, amphibians and reptiles, CSFcontacting neurons were found in varying numbers by means of the AChE reaction (VIGH-TEICHMANN et al., 1970a; VIGH and VIGH-TEICHMANN, 1973) . In teleosts, these cells are apparently bipolar (Fig. 15) , while in Emys orbicularis they seem to be multipolar. The axons of the CSF-contacting neurons of the eel contribute to an AChEpositive fiber tract passing to the proximal neurohypophysis (VIGH-TEICHMANN and VIGH, 1974b) .
Ultrastructurally, the CSF-contacting neurons exhibited intraventricular ciliated dendritic endings varying in size in different species (VIGH-TEICHMANN and VIGH, 1974b; VIGH-TEICHMANN et al., 1976b; 1979a) . Synapses found in the neuropil of Emys orbicularis, Lacerta agilis and Elaphe longissima resembled those of the paraventricular nucleus including presynaptic elements with "peptidergic" granular vesicles (diameter 125 nm and up to 180 nm). In Cyprinus carpio, the CSF-contacting neurons receive at least three types of afferents (axons with granular vesicles of 80 nm or 110 nm, or synaptic vesicles only). 15a, b) extending to the proximal neurohypophysis, the lateral recesses and the mammillary recesses. Such fibers apparently terminate on immunonegative perikarya (Fig. 15b) suggesting a somatostatinergic afferent system for these neurons. As already mentioned, in teleosts the CSF-contacting neurons of the periventricular nucleus also send ACNE-positive and/or somatostatin-immunoreactive fibers to the proximal neurohypophysis.
This connection indicates that the CSF-contacting nerve cells may contribute to the regulation of adenohypophyseal activity. Since somatostatin is an inhibitory neuropeptide, the action of the somatostatin-immunoreactive nerve fibers is thought to be connected with a CSF-dependent inhibitory mechanism. In addition, the CSF-contacting and other somatostatin-containing neurons of the brain (see also chapter 3) are supposed to influence other nuclei of the central nervous system via peptidergic synapses (VIGH-TEICHMANN et al., 1983c) . c) AChE-positive and/or AChE-negative CSF-contacting neurons are present in the infundibular nucleus of all vertebrate classes (VIGH-TEICHMANN et al., 1970a , e, 1971b , 1979a VIGH and VIGH-TEICHMANN, 1973; VIGH-TEICHMANN and VIGH, 1974a, b, 1977b) . The number of such cells is high in amphibians and reptiles (Fig. 16a, b ) but decreases in birds and mammals.
In Triturus vulgaris, about 23,000 CSF-contacting dendritic terminals were estimated in an area representing one half of the infundibular nucleus (VIGH-TEICHMANN et al., 1979a) .
The dendritic terminals and corresponding perikarya of the CSF-contacting neurons may contain granular vesicles of various sizes (Triturus vulgaris: diameter 100 nm or up to 160 nm; Emys orbicularis and Lacerta species: 80 to 110 nm, or 120 to 170 nm in diameter). Thus, at least two types of CSF-contacting nerve cells can be distinguished. The small neurons containing the small granular vesicles may correspond to the AChEnegative (VIGH-TEICHMANN et al., 1970a, e) but catecholamine-fluorescent cells found in the infundibulum of Crysemys pitta (PARENT and POITRAS, 1974) . In birds, only one type of CSF-contacting nerve cells could be demonstrated (granular vesicles, 130-140 nm in diameter; VIGH-TEICHMANN et al., 1971b) . Further studies are required to clarify whether the CSF-contacting neurons correspond to gastrin-, somatostatin-or VIPimmunoreactive elements previously observed in Xenopus laevis and Coturnix coturnix (DOERR-SCHOTT et al., 1979; BLAHSER et al., 1982; YAMADA et al., 1982) .
All CSF-contacting neurons of the infundibular nucleus are supplied with various types of synapses. Intraventricular axons form axo-dendritic synapses on the dendrite terminals, especially in reptiles (VIGH-TEICHMANN et al., 1970e) . The great variety of synaptic contacts (presynaptic granular vesicles of 80, 110, 120 and up to 170 nm) around the CSF-contacting neurons speaks in favor of different interneuronal and afferent connections.
Concerning the CSF-contacting neuronal elements of the infundibular/arcuate nucleus and other regions of the third ventricle of mammals, the literature has already been reviewed extensively (VIGH-TEICHMANN et al., 1974b; LEONHARDT, 1980) . A number of CSF-contacting dendrites of large size were found in the infundibular recess of the rat and the guinea pig (VIGH-TEICHMANN, 1971; VIGH-TEICHMANN and VIGH 1974a, b) . They contain granular vesicles of various sizes (diameter 110, 140, or up to 200 nm) and lack synaptic vesicles. Further, some intraependymal neurons of the arcuate nucleus of the hedgehog contact the CSF directly (see next chapter).
Their basal processes run into the subependymal neuropil upon which axo-dendritic synapses are formed (VIGH-TEICHMANN and VIGH, 1974b; VIGH-TEICHMANN et al., 1981) .
Since the infundibular nucleus projects via the tuberoinfundibular tract into the median eminence, it seems likely that the CSF-contacting neurons of this region may also be involved in the regulation of adenohypophyseal activity, either via neurohormonal axon terminals and/or via interneuronal synapses found in the infundibulum (VIGH-TEICHMANN and VIGH, 1979 With the light microscope, earlier authors observed free neurons in the lumen of the infundibular recess, especially in the cat. Furthermore, a nervous plexus was described in the ventricles of the monkey (for literature, see VIGH-TEICHMANN and VIGH, 1974b; LEONHARDT, 1980) . In numerous ultrastructural studies, intraventricular nerve fibers were found, especially with the advent of the scanning electron microscope (for review, see LEONHARDT, 1980) . The fine structure of intraventricular neurons was first described in the infundibulum of the hedgehog (VIGH-TEICHMANN and VIGH, 1974a, b, 1977b) . Subsequently, supraependymal neurons, intraventricular synapses and axons were found in the third ventricle from fishes to mammals (Fig. 17, 18 ) (VIGH-TEICHMANN et al., 1970c , d, e, 1973 , 1979a , b, 1981 ; literature concerning mammals, see also LEONHARDT, 1980; MESTRES and RASCHER, 1981) .
In various mammalian subclasses, such as the marsupial opossum (Didelphis virginiana), the insectivorous hedgehog (Erinaceus roumanicus) and the carnivorous cat, special attention was paid to the mammillary recess, only seldomly mentioned in the literature. Regarding the abundance of its supraependymal structures the mammillary recess shows close similarity to the infundibulum: glial cells, macrophages, neuronal complexes, single neurons and nerve fibers occur as well as intraventricular synapses on both the ependyma and the CSF-contacting neuronal elements (VIGH-TEICHMANN et al., 1981) . In conventional scanning electron micrographs it is not easy to distinguish between macrophages and glial cells, such as oligodendrogliocytes, astrocytes and microglia. In material previously studied with the scanning electron microscope, we identified some fibrous astrocytes, oligodendrogliocytes and ependymocytes with the transmission electron microscope.
Thus, nearly all glial cell types present in brain tissue also occur in the ventricular cavity.
Presumably, they support the intraventricular neuronal elements.
Two main types of supraependymal axon terminals were generally found with respect to the size of the synaptic vesicles and granular vesicles (80 or 110 nm in diameter).
Axons containing either type of granular vesicles were observed forming synaptic contacts on the luminal surface of the ependyma and on intraventricular dendrites and neuronal perikarya (cf. VIGH-TEICHMANN et al., 1980a . Possibly, these supraependymal neurons contribute to the control of the activity of the ependymal layer. Since we demonstrated various types of multipolar, as well as apparently unipolar/bipolar/pseudounipolar nerve cells located singly or in groups in the infundibular and mammillary recesses (Fig. 17,18) , it may be suggested that their function may also differ (receptor neurons such as chemo-, thermo-or hormone-receptors?, interneurons?).
The information received or percepted may be transferred via basal nerve processes of the supraependymal neuronal complexes to various destinations, at least to the pariventricular neuropil of the mammillary recess (VIGH-TEICHMANN et al., 1981) .
The wavy paraventricular ependyma of the third ventricle of mammals was regarded as the paraventricular organ by earlier authors (cf. . This ependymal area is developed differently in the various species studied: it forms only a few folds in the mammillary recess of the marsupial opossum and insectivorous hedgehog, but is extended in the cat (VIGH-TEICHMANN et al., 1981) . Thus, the rather primitive opossum and hedgehog show some similarity to submammalian vertebrates in which this wavy paraventricular ependyma is lacking. In submammalians the paraventricular organ consists of abundant intraventricular dendritec terminals (see Chapter 1). In the opossum, we found intraependymal neurons in the wavy ependyma and in the wall of the infundibulum.
In the cat, only a few subependymal nerve cells were visible, while in the hedgehog some of the infundibular neurons had an intraependymal position and even contacted the CSF. These intra-and subependymal nerve cells may correspond to the paraventricular organ and/or to the CSF-contacting neurons present in other hypothalamic nuclei of submammalian vertebrates. Some of the supraependymal dendrites described may belong to these intra-and subependymal cells. Similar CSFcontacting dendrites were already described in the infundibulum of the rat and guinea pig VIGH-TEICHMANN, 1971; VIGH-TEICHMANN and VIGH, 1974a, b) . It is the task of future studies to confirm the homology of these neuronal elements of the mammalian hypothalamus to the corresponding structures of lower vertebrates, e.g., the paraventricular organ. The CSF-contacting neurons show a certain similarity from cyclostomes to mammals . In the lamprey, Lampetra f luviatilis, the spinal CSF-contacting nerve cells are clearly discernible from the hypothalamic elements.
In the central canal, the CSF-contacting dendritic terminals bear many stereocilia and one kinocilium, while the hypothalamic terminals display short solitary cilia of the 9x2+0 type (Vices et al., 1980a; . The distribution of the CSF-contacting neurons in the hypothalamus of the lamprey (cf. CHIBA et al., 1981) is also similar to that of higher vertebrates. Our interest was focused on simpler organisms than cyclostomes in order to collect data on the phylogenetic origin of these peculiar elements in lower deuterostomians. Initially, the lancelet, Branchiostoma lanceolatum, was studied ultrastructurally. Axon terminals were observed on the external surface of the spinal cord that resembled neurosecretory nerve endings (VIGH-TEICHMANN and VIGH, 1979) . These spinal axon terminals may belong to neurons displaying a same structure and relation to the central canal as exhibited by CSF-contacting neurons. Therefore, we also examined the free luminal surface of various segments of the central nervous system (VIGH and VIGH-TEICHMANN, 1982a ) and found several types of neurons to be in direct contact with the CSF (Fig. 19) . In the ventral region of the spinal cord, large low-density neuronal perikarya occur. They exhibit kinocilia and small stereocilia on their CSFcontacting surface.
There may be two cilia on a single cell. The perikarya contain granular vesicles, 150 nm in diameter.
Axon terminals of similar low-density are also found on the central myoneural plate, which is analogous to the motoric endplate of ventral motoneurons of higher vertebrates.
If these nerve terminals are indeed axons of the former perikarya, motoric nerve cells would also display a CSF-contacting dendritic terminal in the lancelet, suggesting that the innervation/movement of its myotoms may depend on the state of the CSF. The elucidation of this problem appears to be of interest with regard to the fact that in larval amphioxus the anterior neuroporus is open, and the CSF communicates with the sea water.
In this developmental stage, CSF-contacting dendrites may be important for influencing the movement of the animal.
The so-called commissural neurons also contact the CSF of the central canal directly. They display kinocilia and some stereocilia on that portion of the cell that crosses the lumen. Light and dark ciliated commissural neurons could be distinguished. The cytoplasm of the electron-lucent cells resembled that of the main type of axon terminal found in the central motor endplates.
Rostrally, in the dorsal region of the lancelet spinal cord, the ciliated photosensory cells (OLssoN, 1962) resemble pinealocytes of lower vertebrates with respect to their ciliary photoreceptor membranes and their close contact with the CSF (Fig. 19) .
Since, in the lancelet, nearly all neurons contact the CSF (Fig. 19) , we believe that the CSF-contacting neurons of vertebrates are derived from the ancient cell types of the lancelet nervous system and thereby represent a specialized, but phylogenetically old cell type, the "protoneuron" (Fig. 24) (VIGH and VIGH-TEICHMANN, 1982a, b) .
In addition, another simple group of animals of the deuterostomian line of evolution was investigated, namely, echinoderms (Pisaster ochraceus, Asterina gibbosa, Holothuria f orskali), in order to elucidate whether their plate-like central nervous system contains nerve cells that could be the "forerunners" of the CSF-contacting neurons of the tube-like nervous system (VIGH and VIGH-TEICHMANN, 1982b) . HEHN (1970) mentioned that neurons of the hyponeural nerve of the starfish, Asteria rubens, are similar to those of the paraventricular organ (see Chapter 1). Interestingly, not only the hyponeural nerve but also the ectoneural radial cord contain cells that resemble the CSF-contacting neurons of chordate/vertebrates (VIGH and VIGH-TEICHMANN, 1982b ). In the starfish, Asterina gibbosa, dendrite-like processes of the nerve cells of the ectoneural radial cord terminate with ciliated (type 9 x 2+0) bulb-like endings below the cuticle that faces the sea water (Fig. 20a) . The solitary cilia dispose of basal bodies and long striated rootlet fibers. Perhaps, these cilia are of some significance for modulating the central nervous system according to the actual composition or physical parameters of the sea water. Similar dendritec terminals, but supplied with 9 x 2+2 cilia, occur in the hyponeural nerve.
In the perikarya of neurons of the radial and hyponeural cords, numerous granular vesicles were observed. Axons containing some empty and granular vesicles of various sizes abut on the basal lamina of the nervous tissue facing the connective tissue sheet, which separates the hyponeural and radial cords (Fig. 20b) Details of the ectoneural radial nerve of the starfish, Aster::aa gibbosa. a. Ciliated (C) dendritic terminal (T) below the cuticular layer (CL) of the radial nerve cord. E supporting cell, S surface of the cuticle facing the sea water. x 37,000. b. Axon terminals containing various types of granular vesicles and terminating on the basal lamina (BL) of the radial nerve cord opposite to the hyponeural nerve. x26,000
retinal photoreceptor space, which embryologically develops from the optic ventricle, a diverticle of the third ventricle (Fig. 21) . The cone and rod outer segments develop from 9 x 2+0 cilia (VINNIKOv, 1974) and are analogous to the 9 x 2+0 cilia of hypothalamic CSF-contacting neurons VIGH-TEICHMANN, 1974,1975; VIGH et al., 1975) . Therefore, it was our hope that the study of photoreceptors would furnish data for a better understanding of the role of the CSF-contacting neuronal system. The comparison of CSF-contacting neuronal areas and the pineal tissue resulted in some new data, also with regard to the pineal complex. In the pineal lumen of Amphibia, CSF-contacting axons were found that innervate the free surface of the ependyma (VIGH-TEICHMANN et al., 1973) . Later, well preserved, regularly lamellated outer segments were detected in reptiles and birds, especially after fixation by microinjection into the pineal lumen. Furthermore, a synaptic neuropil was found similar to that of the photosensory pineal organ of lower vertebrates by virtue of ribbon-containing pinealocytec axons synapsing with dendrites of pineal neurons VIGH-TEICHMANN, 1974,1975; VIGH et al., 1975 VIGH-TEICHMANN and VIGH, 1979) . These data contradict the earlier concept that the degeneration/regression of the reptilian and avian photoreceptor outer segments of pinealocytes is a general phenomenon of pineal phylogeny (for literature, see .
By means of antibodies raised against bovine opsin of retinal outer segments immunoreactivity was found in the pineal and parapineal organs of the lamprey, the elasmobranch ray, and bony fishes , c, 1982 VIGH and VIGH-TEICHMANN, 1981; . Similar results were obtained in pineal outer segments of amphibians, turtles and birds as well as in retinas (VIGH-TEICHMANN et al., 1980b, c; VIGH and VIGH-TEICHMANN, 1981; . These data indicate that pineal outer segments contain similar opsins (presumably associated with vitamin A-containing photopigments) as the corresponding retina and strengthen the view that the pineal organ of reptiles and birds is also involved in direct-light perception. Neurophysiological results obtained in reptilian species are in accord with this assumption (MEISSL and UECK, 1980; cf. MEISSL and DODT, 1981) .
Furthermore, our interest was focused on mammalian pinealocytes. They were found to be similar to submammalian photoreceptor pinealocytes insofar as they form ribbon-containing synapses on dendrites and perikarya of intrinsic pineal nerve cells (VIGH and VIGH-TEICHMANN, 1975; VIGH et al., 1975; VIGH-TEICHMANN and VIGH, 1979) . The outer segments of the mammalian pinealocytes are represented by a 9 x 2+0 cilium that is insulated by a glial sheet in insectivorous species (VIGH and VIGH-TEICHMANN, 1981) . The ciliary membrane does not exhibit lamellar multiplications as found in pineal outer segments of submammalian species. Nevertheless, the question whether the ciliated pinealocytes of mammals have the capacity to perceive light directly by means of photopigments and/or indirectly via nervous connections (literature concerning the latter, see OKScHE, 1982) remains to be clarified by neurophysiological and immunocytochemical studies. The same question arises in connection with the CSF-contacting neurons of the hypothalamus.
They may be identical to the so-called "deep encephalic photoreceptors" demonstrated in physiological experiments (for literature, see VIGH-TEICHMANN et al., 1976b; YOKOYAMA et al., 1978; OKSCHE and HARTWIG, 1979; CADUSSEAU and GALAND, 1981; HARTWIG and OKSCHE, 1982) . In recent light and electron microscopic investigations, the cilia of mammalian pinealocytes and hypothalamic CSFcontacting neurons (paraventricular organ, infundibular nucleus and preoptic nuclei of the frog and newt; preoptic and periventricular nuclei of the European minnow, eel and rainbow trout; mammillary recess of the goldfish) did not show any significant antiopsin reaction by means of the PAP-reaction , c, 1982 VIGH and VIGH-TEICHMANN, 1981; .
In previous immunocytochemical studies we used a rat anti-bovine opsin serum and the protein A-gold labeling method. In the retinas of the goldfish (Carassius auratus), the frog (Rana esculenta), the newt (Triturus cristatus) and the chicken (Gallus domesticus) some photoreceptor outer segments did not show reactivity.
Outer segments exhibitig many antiopsin binding sites were identified as rods, while the negative segments represent cones (Fig. 21a) . This finding corroborates the fact that Antiopsin immunoreaction in photoreceptor cells of the retina and pineal organ of the frog, Rana esculenta, Protein A-gold technique. a. Gold particles mark antiopsin binding sites on retinal rod outer segment (R). C cone type outer segment lacking immunoreactivity. D oil droplet of the cone inner segment, I rod inner segment. x 25,000. b. Two photoreceptor outer segments (OR, OC) of the pineal organ; only one of them exhibits antiopsin binding sites after incubation with anti-opsin serum followed by protein A-gold complex. M photoreceptor membranes of the outer segment. x 38,000 the retina of cattle used as antigen for raising the antibodies is predominantly of the rod type. PAPERMASTER et al. (1978) also found differences in the antigenicity of frog retinal outer segments.
Furthermore, it seems noteworthy that with the use of the protein A-gold method positive and negative outer segments were detected in the pineal organ of Carassius auratus and Rana esculenta (Fig. 21b) . These latter results cast new light on the problem of diencephalic light sensitivity.
Firstly, they demonstrate that, despite the morphological resemblance of pinealocytic outer segments to cones (OKSCHE and KIRSCHSTEIN, 1967) , a certain population of them contains an opsln similar in its antigenicity to that found in rods of the corresponding retina. Electrophysiological studies also indicated the presence of two types of photoreceptors in the pineal of teleosts (cf. MEISSL and DODT, 1981) . Secondly, the negative immunocytochemical results revealed in the cilia of mammalian pinealocytes and CSF-contacting neurons do not completely exclude the presence of a certain opsin and thereby their photoreceptive capacity. Therefore, our investigations will continue using various other methods.
Finally, the question of Landolt's clubs of the retina merits some attention. As mentioned in the Introduction Landolt's clubs are thickenings of dendrites of some bipolar neurons of the retina.
In Amphlbla (HENDRICKSON, 1966; LOCKET, 1970; a.o.) , these thickenings are filled with mitochondria and lie immediately below the external limiting membrane.
The dendrite does not terminate by this thickening but rather tapers and pierces the limiting membrane to form a small free ending in the photoreceptor space among the inner segments of cones and rods below the pigment epithelium (Fig. 22a, b) . These dendritic terminals are provided with a short 9 x 2+0 cilium and principally do not differ from the intraventricular CSF-contacting dendritic terminals of the hypothalamus (VIGH et al., 1983b) . Perhaps, the former represent the retinal portion of the CSF-contacting neuronal system. The dendritic terminals of Landolt's clubs display a similar structure in Rana esculenta, Xenopus laevis and Emys orbicularis.
Unfortunately, the function of Landolt's clubs is not yet known. From their morphological appearance the CSF-contacting neurons were found to display more common features with Landolt's clubs than with cone and rod cells of the retina.
However, it seems noteworthy that retinal photoreceptors when damaged by light, beam or ablation, i.e., detachment from the pigment epithelium (FoULDS and IKEDA, 1966; JONES and MCCARTNEY, 1966, a.o.) dedifferentiate in a few days or weeks to a shape that is identical to that of CSF-contacting neurons or rather to their intraventricular dendritic endings (Fig. 22c; VIGH and ROHLICH,1983 inedit) . On the other hand, in newts, retinal tissue was differentiated from isolated portions of the infundibulum (SACERDOTE, 1971) where many CSF-contacting neurons occur (VIGH-TEICHMANN et al., 1979a) . All these facts inspire us to continue our study on the comparison of photoreceptors and CSF-contacting neurons during regeneration-differentiation as well as under pathological conditions. GENERAL DISCUSSION-CONCLUSIONS Three different modes of direct contact of neurons with the CSF exist: 1) some nerve cells are located entirely within the ventricle, 2) others send dendrites into the brain cavities, and 3) some perikarya contact the CSF via their axons. Little is known concerning the intraventricular neuronal perikarya, especially their significance (for literature, see VIGH-TEICHMANN and VIGH, 1979; VIGH-TEICHMANN et al.. 1980a , b,1981 LEONHARDT, 1980 In our opinion, all perikarya that form a presynaptic structure have to be considered as neurons (VIGH-TEICHMANN and VIGH, 1979) . In this determination neurosensory cells are also included. This definition is rather useful with regard to chemical synapses (Fig. 23) . Glial cells may receive synapses but they do not form presynaptic structures. What do we mean when we speak of a "protoneuron" in the case of CSF-contacting neurons?
As we have seen in the lancelet, it is a general feature of neurons to contact the CSF, and this relation becomes a peculiarity/rarity in higher vertebrates only. Therefore, it is an ancestral heritage for dendrites of CSF-contacting nerve cells to remain in direct contact with the CSF (Fig. 24) . Also the neurosecretory axon terminals of CSF-contacting neurons represent an ancient structure, because the former occur on the basal lamina of the spinal cord in the lancelet (VIGH-TEICHMANN and VIGH, 1979; VIGH and VIGH-TEICHMANN, 1982a) and in the central nervous system of some echinoderms NIGH and VIGH-TEICHMANN, 1982b). Furthermore, they display some similarity with the presynaptic portion of the primitive motor endplates of the lancelet. In this animal, motor fibers do not form ventral roots but they simply terminate on the basal lamina of the spinal cord, although opposite to processes of muscle cells ("central motoric endplate," FLOOD, 1966) . Starting from the ancient occurrence of both CSF-contacting dendrites and neurosecretory axons during evolution we consider the cytological organization of the CSFcontacting neurosecretory cells a "prototype" among neurons: a protoneuron (Fig. 24) . Since we imagine the central nervous system of the forerunner of vertebrates somewhat similar to that of the lancelet we can estimate the era when neurons of the CSFcontacting type were "flourishing" in evolution.
Vertebrates were thought to appear in early Ordovicium; therefore, the CSF-contacting form of neuron may be at least 500 million years old. HEHN (1970) described cells resembling CSF-contacting neurons in the echinoderm Asterias rubens. Starfish belong to the deuterostomian line of invertebrates and are older than chordates.
Examining starfish and sea cucumbers we found ciliated neurons in their plate-like nervous system similar to CSF-contacting neurons of chordate/vertebrates (VIGH and VIGH-TEICHMANN, 1982b ). In the starfish Asterina gibbosa the ciliated dendrites of perikarya of the radial nerve contact the sea water directly.
We feel that the CSF-contacting neurons of the tube-like nervous system of higher Deuterostomia may be derived during phylogeny by inversion of the ciliated neurons of more primitive plate-like nervous systems like those of echinoderms.
Conserving this ancient character, the CSF-contacting neurons appear in a great diversity of forms circumventing the brain ventricles of vertebrates. The various types of CSF-contacting neuronal structures are thought to express differences in function which unfortunately
are not yet known. The hypotheses concerning a chemoreceptor, mechanoreceptor, thermoreceptor, light receptor or neurosecretory function need to be tested by future experimental and morphological investigation. The present knowledge may be considered only as a general outline of the organization of the CSFcontacting neuronal system and as an average delineation of its putative functions. Anz. Suppl. 68: 433-443 (1974 Zellforsch. 109 : 180-194 (1970b) . Vigh, B., I. Vigh-Teichmann and B. Aros : Ultrastruktur der spinalen Liquorkontaktneurone beim Krallenfrosch (Xenopus laevis). Z. Zellforsch.112: 201-211(1971a) .
-: Ultrastruktur der Liquorkontaktneurone des Zentralkanals des Ruckenmarkes vom Karpfen (Cyprinus carpio). Z. Zellforsch.122: 301-309 (1971b Res. 148: 359-379 (1974) .
-:
Comparative ultrastructure of cerebrospinal fluid-contacting neurons and pinealocytes.
Cell Tiss. Res. 158: 409-424 (1975) .
-: A present-day concept on the "neurosecretory neuron." (In Hun-
